In magnetically polarized ultrathin Pd films with (111) orientation, grown on a Ni(001) single crystal, static magnetic hyperfine fields were measured at the interface using perturbed angular correlation spectroscopy. The structural arrangement of the Pd atoms with respect to the Ni substrate differs from one Pd atom to the next, leading to varying 3d-4d electron hybridizations. This gives rise to a broad distribution of magnetic hyperfine fields at Rh nuclei, seen in experiments with the self-element probe 100 Pd/ 100 Rh, while discrete field values were found for the voluminous impurity probe Magnetic interactions in 4d-electron elements (e.g., Ru, Rh, Pd) in contact with ferromagnetic 3d-electron elements (Fe, Co, Ni) are the subject of numerous investigations [1] [2] [3] [4] . Theoretical approaches for selected 3d-4d element systems are available (e.g., [5, 6] ). Because of its importance, the influence of structural properties on magnetic characteristics in ultrathin-layer systems is of high interest (e.g., [7] [8] [9] ). Induced magnetic moments in 4d-element layers were found only in the immediate neighborhood of the interface, but recently it was shown that Ni induces fluctuating magnetic moments in bulk Pd up to at least 7 monolayers (ML) away from the interface [10] .
The present experiment was undertaken to investigate the formation of static magnetic moments in thin layers of Pd (with deviating lattice parameters) evaporated on a ferromagnetic substrate. In particular, the measurementwith submonolayer resolution-of magnetic hyperfine fields (B hf ) in ultrathin Pd grown on a single crystal of Ni in correlation with the influence of local structural properties is the subject of this work. We used radioactive atoms as probes ͑ 100 Pd, 111m Cd [11] , experimental details in [10] ) and applied the perturbed angular correlation spectroscopy (PAC) for the measurement of combined electric and magnetic hyperfine interactions. The PAC time spectra were measured in a 4-detector array and the interaction frequencies were deduced from the ratio function R͑t͒ of the count rates C (angles between the detectors in degrees), given as R͑t͒ 2͓C͑180
(1) All experiments were performed in the UHV chamber ASPIC (Apparatus for Surface Physics and Interfaces at CERN [10] ) with a base pressure of 2 3 10 29 Pa. No contamination by the residual gas was detected by AES (Auger electron spectroscopy) during the measuring times for the PAC spectra, 12-24 h for 100 Pd͑T 1͞2 3.7 d͒ and 2-3 h for 111m Cd͑T 1͞2 49 m͒, where 2-3 activation cycles were necessary for each of the spectra in Fig. 3 .
In a first experimental step we determined the structure of Pd layers grown by molecular-beam epitaxy (MBE) on single crystals of Ni(001) [12] . The LEED investigation revealed that Pd grows with (111) orientation on Ni(001) (details in Fig. 1 , lattice parameters in Table I ).
In the next step we applied the self-element probe 100 Pd (decaying to 100 Rh) in a PAC experiment for an investigation of local magnetic properties in one ML Pd on Ni. In order to differentiate between magnetic and electric hyperfine interactions, we first performed a PAC experiment with 100 Pd in the topmost atomic layer of a (nonmagnetic) single crystal of Pd with (111) orientation. The electric hyperfine interaction frequency v Q eQV zz ͓͞4I͑2I 2 1͒h͔ is essentially given as the product of the nuclear quadrupole moment jQj 0.151 b [10] and the electric field gradient (EFG) V zz arising from the nonsymmetric environment at the probe in the surface.
In Fig. 2 (A), the ratio function of 100 Pd͞ 100 Rh in the topmost layer of Pd (111) is shown. This is the first measurement of v Q ͑ 100 Rh͒ in a surface layer. Fitting v Q to the data of Eq. (1), the quadrupole coupling constant was determined as n Q eQV zz ͞h 22.3͑2͒ MHz [leading to jV zz j 6.1͑2͒ 3 10 17 V cm 22 at T 295 K] with an asymmetry parameter h 0 and the z axis of the EFG pointing in the direction of the surface normal. Incorporating radioactive 100 Pd atoms into the single ML of Pd with (111) orientation on a single crystal of Ni(001), a similar-but not identical -v Q ͑ 100 Rh͒ should contribute to the PAC time spectrum. Along with the additional magnetic hyperfine interaction with the Larmor frequency v L g N m N B hf ͞h (g N nuclear g-factor, m N nuclear magneton; no external fields were applied) a combined interaction frequency v c v c ͑v Q , v L ͒ [13] is expected. However, in the 100 Rh PAC time spectrum of our experiment [ Fig. 2(B) ] the amplitude of the frequencies disappeared within a few nanoseconds. We like to rule out that this is a result of a strong B hf value in conflict with the time resolution, since the experiment was designed to measure values up to 30 T, which is 150% of the value measured for Pd in Ni bulk [14] . The explanation of this effect can be deduced from a closer inspection of Fig. 1 . Any Pd atom in comparison with any neighboring Pd atom has a different structural arrangement with respect to the Ni atoms. Consequently, the hybridization of the 3d-4d electrons, responsible for the magnetic polarization of Pd, will be different from one Pd to the next. This results in a multitude of different B hf values at the Pd sites within the unit cell. As a self-element atom, 100 Pd unselectively occupies any site of the unit cell; statistically, there is one probe atom per 30 unit cells. The spectrum in Fig. 2(B) hence reflects a broad distribution of (strong) static B hf s in combination with (weak) electric interactions. In Fig. 2(C) some simulations of v c are shown. A comparison of the two experiments on Pd(111) and on Ni(001)-c͑16 3 2͒Pd leads to the conclusion that a single ML of Pd on Ni(001) is magnetically polarized with a local variation of induced static magnetic moments. The remote possibility that the result of the 100 Pd experiment, shown in Fig. 2(B) , might be caused by fluctuating B hf s as in bulk Pd [10] , could definitely be excluded by the following experiment.
We chose the metallic impurity 111m Cd͞ 111 Cd as a PAC probe [15] which was delivered by the mass separator ISOLDE͞CERN [16] . The results of the 111 Cd PAC measurements are summarized in Table I and the corresponding time spectra are displayed in Fig. 3 .
First, 111m Cd was incorporated into the topmost layer of Ni(001) by evaporating Substitutional terrace-site and step-site occupations, respectively, which are identified by the EFG parameters (Table I) . Our results confirm earlier measurements [17] and yield additional data.
For Ni(001)-c(16 3 2)Pd we found similar results. The B hf s͑Cd͒ are in plane as in Ni(001). In a remarkable [15] . i In agreement with nonsubstitutional step sites [15] ; values are less dependent on the lattice parameters. contrast to our experiment with 100 Pd, here we obtained discrete values: jB hf ͑Cd͒j 3.9͑3͒ T for the occupation within the terrace and jB hf ͑Cd͒j 3.3͑3͒ T for the (nonsubstitutional) step-site position [18] . Within the time window, given by the half-life of the nuclear state, almost no damping of the amplitude is observed, indicating that the probes are located at sites with almost no lattice disturbances. Either the sp-element Cd senses the same B hf at any position in the Pd layer or the incorporation of an impurity in Ni͑001͒-c͑16 3 2͒Pd results in a selected occupation of preferential or even uniform sites within the unit cell. In Fig. 1 , bottom, a possible corrugation of the Pd atoms is modeled qualitatively. Presumably, Cd prefers bridgelike sites rather than hollowlike sites because of its larger size. Its high mobility at surfaces (at 295 K) [15] enables Cd to occupy such sites during the process of the sample preparation.
The separation of the two fractions [substitutional terrace-site occupation, Fig. 3 (B1) and step-site occupation, 3(B2)] could easily be checked by growing 0.5 ML of Pd on Ni(001). The LEED investigation showed the formation of unit cells with the same parameters and the same (111) orientation as was found for the complete ML Pd. However, at this fractionally covered surface, the number of step positions available for the probe atoms had increased tremendously, and the majority of 111 Cd probes occupied step sites as reflected in the combined interaction frequency [ Fig. 3(C) ], already found in Fig. 3(B2) . The spectrum shows a stronger damping, which is expected considering the roughness: Slight differences in the island growth cause a slight distribution of B hf s and EFGs. It might be interesting to note that the Fig. 3(D) , [18] ], a considerably reduced field, jB hf j 1.2͑4͒ T, was measured for the substitutional terrace position.
Within this study we present the first measurements of static magnetic hyperfine fields in ultrathin films of the strongly exchange-enhanced 4d-element Pd. The existence of these fields can be understood as a consequence of the induced magnetic order in Pd. In the first experiments on the Ni/Pd layer system [19] , the formation of static moments was anticipated, meanwhile, however, it was shown for thicker Pd systems that the induced magnetic moments become unstable [10] . The absolute value of B hf at 111 Cd in the Pd adlayer is tentatively even stronger as compared with the value in the topmost layer of Ni, indicating that the magnetic polarization is rather strong in the isoelectric Pd layer with direct contact to Ni. At a comparable position in the Ni/Cu system B hf is zero [20] . The strong polarization in the adlayer propagates the polarization into the second Pd layer with a smaller, although still measurable value. Although at present no calculations are available for magnetic hyperfine fields in spin polarized Pd in contact with Ni, we can compare our results with theoretical estimates for the gradient from atomic layer to atomic layer of induced magnetic moments in Pd calculated for a Fe/Pd system. For the second atomic layer the moments decrease to ഠ30% [5] ; our study quantitatively substantiates these predictions for terrace positions.
Using the different characteristics of the self-element 100 Pd and the impurity 111m Cd as probes, we were able to look-on an atomic scale-into the intimate correlation between local magnetic and structural properties at the Ni/ Pd interface.
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